This book explores the impact new information and communication technologies are having on teaching and the way children learn. The book addresses key issues across all phases of education, both in the UK and internationally.
The tensions between the use of technology to replicate traditional practices and the possibilities for transforming the curriculum and pedagogy are explored. This book offers an original and distinctively critical perspective on the way in which we understand ICT in education.
It will be of interest to all primary and secondary teachers and those in initial teacher training concerned about current technology initiatives in education and how to respond to them.
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Preface
Stephen Heppell
At the end of reading this provocative book one might happily pass a relaxed coffee break or two, in staffroom or senior commonroom, seeking to clarify a vision of the future. Technology in particular encourages us to do this, most probably because the speed of change means that anticipation is more than an idle conceit: it is a survival tactic. The contents of this book suggest that it may be a survival tactic for education too and an urgent task. Depressingly, in education anticipating emerging trends has also been historically important so that we can confiscate the manifestations of those trends at the school door before they threaten to precipitate change: ballpoint pens, transistor radios, calculators, computer games, mobile phones . . . can you imagine the chaos that might have resulted if an entire generation was allowed to adopt ballpoint pens willy-nilly? Probably not, but many readers of this book, for some spurious reason or another, will have been banned from the classroom for using such pens. Education, rightly conservative with children's lives, is downright paranoid about technology, seeking to confiscate, assimilate or smother it before any damage can be done! It is clear, however, that, this time, the changes brought by the current wave of technology cannot be confiscated at the school gate, are embedded in our social and economic lives and will precipitate change in our learning institutions.
It does not help that our anticipation of the future has so often been wide of the mark -either the vector or speed of change are misjudged: my venerable 1959 schoolboy's copy of The Story of Man concludes with a final chapter 'What of tomorrow?' in which it is anticipated that by around the year 2000 'rockets will be rushing about space' (so far so good), 'atomic and solar energy will enable us to employ yet more machinery' (you can see where this is leading), so that 'we shall work less and thus have more time both to amuse and improve ourselves' (we wish) and concludes that 'today there are still places where people go hungry and are insufficiently clothed, but the day will come when there will be enough of the good things of life for everyone' -a vision which clearly erred on xvi Preface the sunny side. My 1955 edition of The History of the World (which ran to a rather encouraging 155 pages only) saw a darker side too:
When your Daddy was a boy there was no television. What will your children have tomorrow, that you have never dreamed of today? That depends on you. Every discovery has a good use and bad. Aeroplanes can whisk us away on trips and holidays or they can drop bombs to blow up homes and factories and towns.
Will our technologically induced learning futures show that we made a good use or a bad of the opportunities presented? Future economic prosperity will tell us tomorrow, but today it is hard to know where to look for the right answer; when fiction attempts to anticipate our learning futures the differences between visions cannot be simply explained by misjudged vectors of prognostication or errors about the speed of change; there is simply an extraordinary variety of anticipated learning scenarios embedded in novels: the Skinnerian baby programming from Huxley's Brave New World, the implanted silicon wisdoms of Gibson's Johnny Mnemonic, the chanted acquiescence of Orwell's 1984, the escalating schoolboy violence of Golding's Lord of the Flies -the common factor is a uniformly bleak view that new and emerging forms of education and learning will be downright awful. It is no coincidence that what we might characterise as jolly' books painting their own lighter view of the future miss out learning altogether: the word 'school' appears only once in the whole of Adams' Hitchhikers' Guide to the Galaxy, and that is only to flesh out a bit of historical context. This uniformly bleak suite of anticipations of the impact of technology on our learning futures goes some way to explain why we continually make the error of subjugating technology to our present practice rather than allowing it to free us from the tyranny of past mistakes. The paradox here is that education is so terrified of the dark side of change that, by closing down on the more creative, but inevitably uncertain, directions, it probably vouchsafes the bleakest of futures.
And there are so very many mistakes: for administrative convenience we seat thirty-five children in a single classroom where the only thing they have in common is to have been born between two Septembers; newly emerging computers offered us the ability to build better learning communities that transcend age, culture, geographical proximity and curriculum but instead we find those computers being sold into the classroom as a productivity tool to manage the registration and monitoring of these uni-aged classroom prisoners. Our examination and assessment system is a creaking edifice built on failed and antiquated technology; for example, the inability of past technology to moderate spoken contributions pushed oracy out of an examination process where performance was distilled down to be simply mastery of notational representation, but when computers appeared they were seized immediately by the examination system, not to repair the damage from a fatal over-reliance on pen technology but to produce a further distillation of learning into the execrable OCR sheets of multiple-choice questions. Other than that, by and large, the possession of a computer in the examination room is still regarded as cheating. Twenty years after we introduced the skills of authoring by word processor into schools our children are still frisked at the door of the examination room to ensure that they do not enter with a computer and, heaven forbid, actually evidence those skills. Examinations are currently skewed to avoid the possibility that children might demonstrate a capability that could not be criterion-referenced against previous generations', or other countries'. At the time of writing the UK 'A' level (18+) mathematics syllabus is being revised to intentionally reduce the opportunity for candidates to demonstrate capability with a calculator. One justification offered is the comparison with students in Germany where there is very low technology penetration and classroom computers remain relatively scarce. It is hard to see where this nonsense might end; Brazilian footballers play better than ours do and their schools have far higher levels of illiteracy. Should we cut back on years of progress with books to improve our football scores? Would this be progress or cultural vandalism? The problem with genuine steps forward is that it is so hard to reference them against criteria from the past, thus providing evidence that a step forward has really been made. It is certainly hard to weight footballing skills against reading, decade on decade.
This fear of the unknown, of the dark side of ICT, is indeed a powerful force, yet giving way to the fear results in the kind of criminally wasteful nonsense illustrated above. But while fiction writers, and too often policy makers, struggle to illustrate a delightful or seductive vision of future learning there are two other indicative straws in the wind that we do well to note.
First, of course, children themselves have shown no such fear of the uncertainties that lie ahead largely because they can see how the present system, with all its strengths, is failing in many places. They can see, starkly, the many faults in our present organisation of learning because they are actively engaged in the system. They see talented friends who fall by the wayside because their adept creativity or oracy does not quickly enough translate into notational form and is discounted; they see bright minds dulled by the numbing blandness of what they call 'worksheet teachers' offering all too little progression or challenge; they see peers who are wonderfully adept within a subject area woefully misrepresented by their attempts to summarise that capability in a brief 'closed' examination; they see how well older and younger students work in their orchestras, sports clubs, theatre groups, families and, indeed, online, but they marvel that such mentoring is largely precluded in the tested curriculum. Most of all xviii Preface they see the catastrophic lack of ambition that is posted for them in their ICT activity, as a bland homogeneity is imposed to ensure a common skillset that ignores the diverse and electrifying talents that so many children exhibit with computers outside the formal curriculum. Computers open multifaceted doors to unexpectedly creative delights, yet increasingly those delights are sampled outside of the formal curriculum and offered little progression or continuity within it. Reports by young students expressing their dissatisfaction at secondary level are legion, as their skills in Logo, in control technology, or in art, are sacrificed at the altar of uniformity ('I'm sure you can do that, but first let's work through this cutting and pasting exercise, not everyone is as lucky as you, you know . . .').
Perhaps worst of all they see the criminal waste of using a wonderful learning and creative tool to deliver multiple-choice drill and practice questions that ensure a compliance with yesterday's curriculum; there is something genuinely surreal about a computer being used to teach mental arithmetic, yet it happens at more than one in ten schools in the UK. This generation of wired children is busy embracing the new creative freedoms that technology offers them in the way that maybe their parents embraced the musical freedoms that rock, and electronic instruments, brought them. It is therefore highly illuminating to focus on their creative use of these new information and communication technologies. We find the asynchronous replacing the synchronous (as for example in the heavy use of SMS text messaging on phones -how many adults over 30 know where to find the '!' key on their mobile phone?), we find a hunger for process above product: a child beating the top-level game boss rushes across to friends not with 'Look at my score' but with 'Let me show you how I did it'. Children attend today's movies already well steeped in the details -out-takes, casting, creative disagreements -that surrounded the process of movie making, and they enjoy their viewing all the more for having acquired this meta-knowledge from the Web, from discussion forums, from fanzines and from friends. We know that children, faced with a new suite of software tools, constantly push out the envelope -acutely aware of what the 'previous lot' did and anxious to exceed their efforts. They have a tight, innate, ipsative referencing of their own progress which they regard as reliable and which carries their esteem more robustly than the multiple tests they are exposed to elsewhere. We do not need to be a cyber-geek or a futurologist to see that when these wired young people find themselves in the working world and discover that the things they valued, but within the curriculum ignored, are actually of considerable economic, social and creative value, then they will ask serious questions about the schooling that they will accept in the future for their own children and -as it was in music -youth moving to parenthood will be an unstoppably powerful engine for change.
Preface xix
The second substantial straw in the wind is offered to us by the economic imperative that underpins education. The ICT resources that were once found in school classrooms were initially cutting edge: people broke into schools to steal computers. Now, of course, they regard schools as a place to dump outdated ones and we must look elsewhere for indicators of the impact that new technology might have on an organisation or institution. Looking to the most 'wired' companies we can observe clear trendseach enabled by technology -that we might reasonably anticipate will be observable shortly in learning organisations and institutions too: physical scale is reduced as economies of scale are achieved in new ways; tiers of middle management vanish as communication is better handled; hierarchies flatten as individuals are empowered; teamwork is not merely encouraged, its absence is seen as a sacking offence; processes are awarded above products; global organisations become not merely viable but, through the richness of experience that they offer, desirable. And, finally, the conditions of work will be seen as an essential tool in the crafting of creativity and imagination. It is unthinkable that education will develop in a way much different from this; if it were to plough a different furrow the relationship between the needs and values of the economy and the outputs of education would be fractured with a resultant collapse in educational funding.
We are literally then able to see the future -not in the literature of science fiction, but in the combination of the overt ambition of a new generation of wired learners with the certainty of new forms of organisation. It is an exhilarating vision. The tough question for alert readers, though, is whether the inevitable results of this vision will reside in schools or elsewhere. In a worst-case scenario, education's paranoid fear of change -of the dark side that innovation might bring -together with an inability to articulate a coherent vision of the future could lead to an uninspired and uninspiring education system desperately trying to bar the door of creativity and innovation as increasing numbers of our most able students simply walk away from it to look for their learning elsewhere. This book is full of clear warning lights on the instrument panel of our learning lives. Like all warning lights, we ignore them at our peril as they herald first breakdown and then collapse. Having read the book you will need to do better than engage in debate during a relaxed coffee break or two: you need to heed the warnings and act.
Editors' introduction
When Cat had been very young -too small, really, to remember much about it -her dad had been a teacher of history, but as the Web became more and more advanced, a single person could teach hundreds of kids. Then Websuits were invented, and the old-fashioned lessons vanished for ever. Kids learned by experiencing whatever they were being taught -learning had become an adventure, and a game. It must be tremendous fun, Cat thought wistfully, but the Web had put her dad on the scrap-heap, and he refused to have anything to do with it. He had grown more and more bitter and angry, and after her mum had left he taught Cat and her brothers and sister himself and didn't seem to know, or care, what they were missing. (Furey 1998: 29) This is a common, for some dystopian, view of the future of schooling, set in the year 2027. Read by a teacher, it may reflect anxieties about the future of teaching and schools; read by a child, it may present some attractive possibilities. This dystopian view is not shared by the editors of and contributors to this book, who believe that the history of technology indicates that we often shape the future of schooling through the powerful metaphors of the past. The mere presence of technology will not be a catalyst for radical change in our education systems. It is more likely that it will be used in unexpected ways after a period of trying to make it fit into the old systems. What is important, however, is that this period of accommodation is characterised by participants who are well informed, reflective, imaginative, collaborative, creative, democratic and critically aware of issues of access, equity and social justice. Participants, that is, who have been actively involved in an education system which fosters this approach to change in society -a society which can be described as the 'Information Society'. The idea of editing a book such as this arose from a series of conversations with teachers and teacher educators about the profile of information and communications technologies (ICT) in education in the UK, the USA and Australia. We felt that the introduction of these technologies into classrooms and schools is having an impact on teaching and learning that does not necessarily reflect the ways in which children and young people experience and appropriate the technology in their lives outside school. Neither are the prophetic claims being made about the role of ICT in learning being realised in classroom practice as a whole. There was a shared concern that the nature of teacher training in new technologies has focused more on skills and techniques. Radical change requires a deeper understanding of the challenges ICT makes to ways of knowing curriculum subjects and of the changes it might bring to the practice of the profession in terms of time, place and authority.
We also felt that the term ICT is itself problematic. The words 'information and communications technology' describe a set of technologies with particular applications which vary enormously in purpose and scope within and between subject contexts. The term 'ICT' is also accompanied by a set of conceptual understandings that relate to a notion of capability, literacy or 'how to deal' with information using technology. The contributors to this book come from a variety of discourse traditions and from a range of anglophone countries and use the terms 'ICT', 'IT', 'digital technologies' and 'technology' to express this range of understandings.
This book has been written at a time of proliferating political pronouncements on the importance of ICT in the preparation of an adaptable workforce for the 'Information Society' and training curricula, expected outcomes, skills tests, etc., for serving and pre-service teachers. In the UK there is a focus on training for all practising teachers in classroom practice with ICT and an exponential growth in books, handbooks and online materials for sharing and exchanging ideas, case studies and curriculum materials. The purpose of this volume is to complement the already available materials and experiences with contributions from authors who raise questions and concerns about the relationship between ICT and formal education. Each contributor is involved in the use and development of ICT within his or her own subject or field, yet each is concerned to highlight the complexity of the influence of ICT within his or her area of work and experience.
The book addresses the relationship between digital technologies and formal education -highlighting three particular themes:
• the broader cultural context; • approaches to and performances in pedagogy; • representations of 'subject knowledge' within a compartmentalised curriculum and the ways in which these can be challenged and developed.
One of the aims of the book is to draw attention to the range of ongoing discussion and reflect the progress of the 'collective thinking' in this fast-developing area. There are common themes that run through a number of the contributions. There are also ideas and positions that contradict and challenge each other. Some authors describe ways in which subject knowledge, as represented in traditional school curricula, is changed by the visual, dynamic and provisional nature of ICT and discuss ways in which boundaries can be blurred between subject domains when technology is involved.
There is also a discussion of the ways in which the use of ICT can mask the nature of pupils' learning and misconceptions, or provoke a different way of looking at the learning processes within a subject. These debates underline the need for a thorough subject knowledge in teachers who are able to identify conceptual understandings, intervene, interact and represent this knowledge in order to scaffold learners' experiences. Throughout the book, the contributors emphasise the need to adopt a critical approach to the Utopian visions that 'all will be well with ICT'. They highlight the difficulties of specifying the content of the thorough subject knowledge teachers need.
PART I: THE CULTURAL CONTEXT
Initiatives for ICT in education are proposed and implemented in a cultural and political context that reflects a number of tensions and contradictions. Indeed, Jack Sanger describes the 'cultural airlock' through which children and young people move in their experiences of digital technologies in and out of schools and formal education. The chapters in Part I present three contentious views of the challenges that face the purposes of schooling and the roles that teachers and parents might play in educating young people.
Sanger speculates on possible scenarios for the future of schooling in the UK, based on e-learning models and current debates in higher education. He presents a vivid picture of the extent to which learning experiences might be mediated and controlled by educational structures and the extent to which citizens might be able to become critical participants in the process. Buckingham, Scanlon and Sefton-Green describe the ways in which the 'digital dream' is sold to 'good' teachers and parents. Their chapter analyses the marketing discourse of ICT through a consideration of an educational technology trade show and promotional material for parents. It examines the relationship between education, entertainment, commercial interests and teacher and parent responsibilities. Snyder focuses on the cultural change engendered by new technologies, particularly around the 'turn to the visual', the complex interaction between old and new media and the nature of the literacies that these changes require.
PART II: PEDAGOGY AND ICT
ICT challenges current descriptions and practices of pedagogy in terms of the perceptions of time, place, authority and purpose of teaching. Learning and teaching are often assumed to 'take place' in particular slots of a timetable in particular classrooms associated with particular curriculum subjects. Information and communications technology can afford opportunities to extend the connections between learners, teachers, and information beyond the formal 'school day' and the agreed sources of information. The chapters in Part II present a discussion of the perceptions and beliefs that underpin teaching and how they can be supported or changed by the use of ICT. These ideas are developed to explore the ways in which the authors' own beliefs are embodied in their practice with new technologies.
Loveless, DeVoogd and Bohlin address the ways in which ICT can act as a catalyst to examine the factors which affect pedagogy -from beliefs and behaviours to resources and routines. They argue that it is possible to look at the influence of ICT on these different factors and illustrate how one aspect, an understanding of the nature of information and knowledge, might affect classroom teaching strategies. LeCourt outlines how ICT can allow teachers to perform radical critical pedagogies that can support learners' new understandings of their positions and possibilities within a culture. She presents a theoretical framework for critical pedagogy and, using particular examples of synchronous conferencing and chat, illustrates the argument by discussing her own teaching in higher education. Hawkey describes the development of the QUEST website at the Natural History Museum in London. This site reflects his beliefs about knowledge, pedagogy and power in science education and demonstrates ways in which ICT can be used to express one's pedagogy in an engaging and thoughtprovoking manner.
PART III: ICT AND THE CURRICULUM
Part III examines the role that ICT plays in challenging the construction of subjects and the boundaries between them. Three of the subjects discussed -English, mathematics and science -represent the 'holy trinity' or core curriculum of current UK policy. The two subjects in the Expressive Arts domain -art and music -represent an area both liable to being 'squeezed' by the core and one in which important and interesting developments related to ICT are taking place. Each chapter highlights debates that are provoked by the use of ICT, practically and potentially. Some common themes, such as new media literacies, can be identified and discussed in different subject areas. The representations and understandings of 'ways of knowing' within and between subject areas might shift as a result of the use of ICT by learners and teachers. There are, however, interesting differences in the approach of the authors, each of whom also identifies the unique contribution that his or her subject domains might make to the development of an educated person.
Ellis uses the metaphor of 'analogue clock' and 'digital display' to consider the challenges and opportunities presented to a language and literature curriculum by digital technologies and emphasises the need for continuity with traditions of expressive development and critical literacy. Selinger describes the ways in which ICT plays a role in modelling and representing mathematical knowledge and processes -visually, dynamically and collaboratively -from graphical representations to dynamic notebooks on the Web. Although welcoming the range of opportunities that ICT provides, she recognises the need for further work in 'synthesising the visual and symbolic aspects of mathematical cognition'. Miller presents an argument for reconfiguring the identity of primary science teachers, drawing on the image of the 'cyborg'. She outlines possibilities for a future science curriculum which collapses boundaries between school science and the public understanding of science, complementing Hawkey's approach by highlighting a curriculum construction in relation to gender. Long responds to a view of ICT as a new medium for visual literacy by highlighting the challenges that digital technology raises for the processes of the art curriculum. He acknowledges the potential of digital culture in the curriculum and the role of the visual in a critical approach to media. He argues, however, that art makes a distinct and unique contribution to processes of expression and creativity and should play a substantial and relevant role in the formal curriculum. Kwami considers the role of technology in music composition and notation in the curriculum over the last forty years. He speculates on a redefinition of musical literacy that involves different interfaces and input-output devices, promoting a curriculum that acknowledges the role of community and culture in contemporary musical experience and expression.
The penetration of ICT in culture, pedagogy and the curriculum will provoke a variety of images of teachers, learners and knowledge. The different chapters in this book contribute to the discussion of the question -'In the Information Society, what does it mean to be educated and what are teachers for?' Like Cuban, we share the view that the challenge to those deeply committed to school improvement, including researchers, teachers, administrators, and parents, is to acknowledge that both continuity and change are interwoven in the schooling process. To disentangle one from the other and attach positive or negative connotations is to misconstrue the very nature of schooling and classroom instruction. (Cuban 1986: 109) 
